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Abstract—Spectral efficiency analysis in presence of correlated
interfering signals is very important in modern generation
wireless networks where there is aggressive frequency reuse
with a dense deployment of access points. However, most works
available in literature either address the effect of correlated
interfering signals or include interferer activity, but not both.
Further, available literature has also addressed the effect of large
scale fading (shadowing and distance-dependent path loss) only,
however has fallen short of including the composite effect of
line of sight and non-line of sight multipath small scale fading.
The correlation of desired signals with interfering signals due to
shadowing has also not been considered in existing literature.
In this work, we present a comprehensive analytical signal
to interference power ratio evaluation framework addressing
all the above mentioned important components of the model
in a holistic manner. In this analysis we extend and apply
the Moment Generating Function-matching method to such
systems so that correlation and activity of lognormal random
variables can be included with high accuracy. We compare the
analytical results against realistic channel model based extensive
Monte-Carlo simulation for mmWave and sub-6 GHz in both
indoor and outdoor scenarios. The performance of the model
is depicted in terms of mean, α% outage spectral efficiency and
Kullback–Leibler divergence and Kolmogorov–Smirnov distance.
Index Terms—Co-channel interference, signal to interference
power ratio, sum of log-normal distributed random variables,
outage spectral efficiency, correlated lognormal, LOS/NLOS.
I. INTRODUCTION
To meet the increasing demand for high throughput con-
nectivity, modern wireless networks are adopting methods of
aggressive frequency reuse with dense deployment of access
points (AP)/ base stations (BS) [1]. Simulation based per-
formance analysis of such interference limited radio access
networks (RAN) is highly complex and time consuming which
motivates the development of analytical methods [2].
In order to develop realistic analytical performance evalua-
tion for above mentioned RAN scenario, one has to consider
the holistic effect of line of sight (LOS) and non-line of sight
(NLOS) multipath small scale fading (SSF), large scale fad-
ing (LSF) including both shadowing and distance-dependent
path loss (PL), interferer activity and shadowing correlation
between received signals as well as between desired and
aggregate interfering signals [3]. In the following paragraph,
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we discuss the literature available on performance analysis of
RAN in presence of co-channel interference (CCI).
Earlier works on CCI-based performance analysis [4], [5] do
not consider interferer activity or correlation among interfering
signals. Although in [6] expression of outage probability in
CCI condition is given, yet it does not account for LSF. In
[7] correlated interferers have been considered, but the effect
of multipath SSF and interferer activity has been neglected.
In [8], the activity of neighboring interferers is modeled as
Bernoulli random variables (RV), however the effect of corre-
lated interfering signal has not been taken into account. SSF
as well as LSF (path loss and shadowing) along with interferer
activity is considered in [9] but shadowing correlation among
desired and interfering signals have been overlooked, which is
present in realistic propagation conditions [3]. Therefore we
find that the comprehensive effects of LOS or NLOS SSF,
shadowing, distance-dependent path loss, interferer activity
and shadowing correlation have not been considered in unified
manner in existing system models, which is necessary for a
holistic performance analysis.
The CCI appears at the receiver as sum of correlated
lognormal (LN) distributed RVs. There exists no known closed
form expression for the distribution of sum of LN RVs
[10]. Therefore we now look into the approximation methods
available in literature. Popular methods to be used are ‘Fenton-
Wilkinson’s (F-W)’ [11] and ‘Schwartz and Yeh’s (S-Y)’ [12].
These methods use the moment-matching (MM) approach.
The works [7]–[9] described earlier use MM methods but
they are known to be useful for standard deviation of LN
RVs (σχ) within ∼ 4 dB only. A variant of F-W method,
namely ‘truncated lognormal approximation’, proposed in [13]
is valid for a wider range of σχ (4−12 dB). But, the approach
is usable for uncorrelated RVs only. The moment generating
function (MGF) matching approach [14] has been shown to
be of higher accuracy over a wider range of σχ, albeit at
the cost of increased computational complexity. In [15], MGF
matching method has been extended to include Bernoulli RV
but not correlation of LN RVs. Therefore, we find that on one
hand we have MM methods which are easy to compute but
suffers from low accuracy and have limited applicable range of
parameter values, on the other hand we have MGF-matching
method which provides higher accuracy but is still incomplete
for use.
Therefore to summarize, we find that the system models
in existing literature on analytical CCI evaluation falls short
2of capturing the comprehensive realistic co-channel interfer-
ence scenario accurately which is addressed in this work
by extending the MGF matching method to suitably include
both correlation and activity to analyze the holistic effects
of SSF (LOS/NLOS), LN distributed shadowing, distance-
dependent PL, interferer activity and shadowing correlation
between desired and interfering signals.
Since fifth generation (5G) mobile networks are destined
to use millimeter wave (mmWave) spectrum [1], [16], [17],
we present the downlink signal to interference power ratio
(SIR) based spectral efficiency (SE) evaluation of a recently
conducted measurement campaign reported in [18]. We also
show the effectiveness of our derived expressions in sub-6
GHz band1 which would still remain an important part of
5G, especially for outdoor coverage. The analytical framework
presented here is shown to remain useful for realistic values of
system parameters as outlined in [18] for mmWave scenarios
and in existing 3GPP prescribed channel models [19] which
are suggested to be used for evaluation of 5G and beyond
systems for sub-6 GHz. The main contributions of this work
are:
• A holistic system model representing a co-channel RAN
has been developed to include the realistic propaga-
tion effects of SSF (LOS/NLOS), shadowing, distance-
dependent PL, interferer activity and shadowing correla-
tion.
• An MGF-based approximation has been extended for the
distribution of sum of correlated Bernoulli-LN RVs in or-
der to incorporate both interferer activity and correlation.
• An exact expression of correlation coefficient between the
power of the desired AP and the CCI has been derived.
• Applying the above results in the developed system
model, we have presented an extensive performance anal-
ysis of a downlink co-channel indoor as well as urban
macro scenario operating in mmWave as well sub-6 GHz
band.
II. SYSTEM MODEL AND ASSUMPTIONS
In this work, the downlink of a typical co-channel RAN with
a total of K + 1 AP has been considered. User equipments
(UE) situated in any location is served by the nearest AP.
Thus, for any UE, there is one desired AP, remaining K
APs act as interferers. We consider single input single output
configuration. Consideration of multiple antennas in APs, UEs
or both can be seen as a potential future work. All the APs and
UEs use omnidirectional antennas with vertical polarization.
The transmit power of the APs is denoted by PT . We consider
a block fading channel model where all Tx-Rx links are
affected by both large and small scale fading, which are
modeled by LN and Gamma distributions respectively [10],
[19]. We consider an interference-limited scenario, where the
received interference power dominates the noise power. The
activity of the kth interfering AP is modeled by νk, which is a
Bernoulli RV with probability mass function: P(νk = 1) = pk
1In this work, by the term ‘sub-6 GHz frequency band’ we mean carrier
frequency (fc) of 2 GHz, which is considered as one of the major frequency
bands of operation in fourth-generation long term evolution (4G-LTE) and
beyond [19]
and P(νk = 0) = 1 − pk, 0 ≤ pk ≤ 1. When there exists
no UE under the coverage region of a particular AP, it is
said to enter ‘inactive’ state. The specific value of pk depends
on the traffic model and load analysis on that particular AP,
calculation of which is beyond the scope of this work. A
detailed discussion on this topic can be found in [9, Sec.
II.A], [20], [21]. We also assume that {ν1, ν2, . . . , νK} are
uncorrelated. The combined received power by a typical UE
from desired and interfering APs can be expressed as,
PR = PT ×
[
10−0.1L (d0)χ0|h0|2
+
K∑
k=1
(
νk10
−0.1L (dk)χk|hk|2
)]
, (1)
where the first term denotes the power received from the
desired AP and the second term denotes the aggregate power
from all the interfering APs. The distance from the UE to
the serving AP is denoted by d0, whereas the distance to the
k-th interferer is dk. The interference power from different
interferers are considered to be correlated, due to the proximity
of the interfering APs. In (1), L (d) denotes the average path
loss (in dB) for a Tx-Rx distance of d for LOS or NLOS link,
depending on the nature of the link, as detailed in (2).
L (d) = PL(dref ) + 10nL/NLlog(d/dref ), (2)
where, nL and nNL are the path loss exponents (PLE) for LOS
and NLOS cases respectively and PL(dref ) is the pathloss at
a reference Tx-Rx distance (dref ). The effect of shadowing is
captured by χ such that 10log10(χ) ∼ N
(
0, σ2χ
)
, where σχ
denotes shadowing standard daviation, whose values in mmW
and sub-6 GHz for LOS and NLOS have been provided in
[18, Table 10] and [19, Table 7.2-1] respectively. The effect
of small scale fading is captured in hk, such that |hk|2 is
Gamma distributed with shape factor of m and scale factor of
L (d)χ
m . In case of NLOS links, the value ofm equals 1. In LOS
links, the value of m is related to the corresponding Rician
K-parameter value. The SIR (denoted as Γ) experienced by
the typical UE can be obtained from desired and interference
terms in (1),
Γ =
10−0.1L (d0)χ0|h0|2∑K
k=1
(
νk10−0.1L (dk)χk|hk|2
)
(a)≈ 10
−0.1Lˆ (d0)χˆ0∑K
k=1
(
νk10−0.1Lˆ (dk)χˆk
) , (3)
where the approximation in step (a) in (3) is due to the fact
that a product of Gamma and LN RVs can be approximated
by a LN variable (denoted by χˆk) with slight modification
of its mean and variance. The modified shadowing standard
deviation is denoted by σˆχ. The detailed steps for this ap-
proximation can be found in [10, Sec. 4.2.1] and thus have
been omitted here for brevity. In order to find the composite
distribution of Γ, it is necessary to find the distribution of the
CCI (the denominator in (3)), which has been expressed as a
sum of correlated Bernoulli-LN RVs. The exact expression of
the distribution of such a random variable can not be derived.
In this work, we approximate the distribution of aggregate CCI
3with another lognormal, whose parameters are obtained using
MGF-matching, as detailed in Sec. III.
III. DISTRIBUTION OF DOWNLINK SIR AND SE
The downlink SIR experienced by the UE in (3) can be
rewritten as:
Γ =
10−0.1Lˆ (d0)χˆ0∑K
k=1
(
νk10−0.1Lˆ (dk)χˆk
) = 100.1X0∑K
k=1 νk10
0.1Xk
=
Y0∑K
k=1 νkYk
. (4)
The interfering powers fromK interfering APs (in dB domain)
are represented as correlated and not necessarily identical
RVs {X1, . . . , Xk, . . . , XK}, where, Xk ∼ N (µXk , σ2Xk),
µXk and σXk denote the modified values of negative of PL
(denoted as PˆL) and σχ (denoted as χˆk) respectively for
the link between the kth interfering AP and UE. We define
corresponding powers in linear domain as
Yk = 10
0.1Xk = exp(
Xk
ξ
), where, ξ =
10
ln(10)
. (5)
We define a new LN distributed RV, Y , such that,
Y ≈
K∑
k=1
νkYk. (6)
Our aim in this section is to obtain the mean (µX) and standard
deviation (σX ) of the normal distributed RV X by matching
the MGF of left and right hand side of (6) such that,
X = 10log10(Y ). (7)
The MGF of
∑K
k=1 νkYk is defined as,
Ψ(
∑
K
k=1
νkYk)(s)
= E{ν1,Y1,ν2,Y2,...,νK ,YK}
[
exp
(
−s
K∑
k=1
νkYk
)]
= E{ν1,X1,ν2,X2,...,νK ,XK}
[
exp
(
−s
K∑
k=1
νkexp
(
Xk
ξ
))]
.
(8)
Since, ∀k, Xk and νk are independent in (8), we can separate
Xk and νk as done in (9) shown at the top of the next page.
Step (b) in (9) is due to the independence of {ν1, ν2, . . . , νK}.
The expectation in final expession of (9) has to be taken over
the joint distribuion of K correlated Gaussian RVs as given
below:
px(x) =
1
(2pi)(K/2)|C| 12 exp
(
− ((x− µ)
H
C
−1(x− µ))
2
)
,
where, x = [X1, X2, . . . , XK ]
T
, µ = Ex [x] =
[µX1 , µX2 , . . . , µXK ]
T
and C = Ex
[
(x − µ)(x − µ)H
]
. Us-
ing the following transformation in (9), we obtain (10) shown
in the next page.
x =
√
2Csqz+ µ, (11)
where, CsqC
H
sq = C. From (11), it can be written that
xk =
√
2
K∑
j=1
c′kjzj + µk, (12)
where, c′kj is the (k, j)
th
element of Csq , xk and µk are the
kth element of x and µ respectively and zj is the j
th element
of z. Taking Gauss-Hermite expansion in (10) with respect to
z1, we obtain (13), where, R
(1)
N is the remainder term, which
can be neglected if the number of summands (N ) are taken
sufficiently high. The weights and abscissas of Gauss-Hermite
polynomial are denoted by wn and an respectively, which can
be obtained from [22, Table 25.10]. Proceeding in the same
manner and taking Gauss-Hermite expansion with respect to
z2, z3, . . ., zN and subsequently dropping the remainder term,
we finally express the MGF of R.H.S. of (6) by (14) shown
at the top of the next page. In a similar fashion, the MGF of
L.H.S. of (6) can be expressed as:
ΨˆY (s;µX , σX) ≈
N∑
n=1
wn√
pi
exp
[
−s× exp
(√
2σXan + µX
ξ
)]
.
Finally, we obtain µX and σX by solving the following pair
of equations for i = 1, 2.
ΨˆY (si;µX , σX) = Ψˆ(
∑
K
k=1
νkYk)(si;µ,C), (15)
For the choice of suitable values of si for accurate approxi-
mation, one is referred to [14, Sec. VI].
A. Correlation coefficient between the desired signal and the
sum of interferers
In this section we obtain the correlation between X0 and X
defined in (4) and (7) respectively, denoted by ρX0X . It can
be derived from (6) that the standard daviation of Yk can be
expressed as
σYk =
√√√√[exp
((
σXk
ξ
)2)
− 1
]
exp
(
2µXk
ξ
+
(
σXk
ξ
)2)
.
The correlation between Y0 and Y has been derived in (16),
where the step (c) follows due to the independence of νk and
Yk. Finally, ρX0,X can be directly obtained by combining (16)
and (17) shown in the next page. The detailed proof of (17)
has been provided in the accompanying supplementary sheet.
B. The SIR and Spectral efficiency distribution at a particular
user location
As derived in (4), (6) and (7), the downlink SIR (Γ) in dB
domain, denoted by ΓdB can be expressed as
ΓdB = X0 −X. (18)
The distribution of ΓdB is normal with mean µΓdB and
standard daviation σΓdB given by:
µΓdB = µX0 − µX , σΓdB =
√
σ2X0 + σ
2
X − 2ρX0,XσX0σX .
In linear domain, the SIR (Γ) is LN distributed whose distri-
bution is
fΓ(γ) =
ξ√
2piσΓdBγ
exp
[
− (ξln(γ)− µΓdB )
2
2σ2ΓdB
]
. (19)
4Ψ(
∑
K
k=1
νkYk)(s) = E{X1,...,XK}
[
E{ν1,...,νK}
[
exp
(
−s
K∑
k=1
νkexp
(
Xk
ξ
))]]
(b)
= E{X1,...,XK}
[
K∏
k=1
(
1− pk + pkexp
(
−s× exp
(
Xk
ξ
)))]
.
(9)
Ψ(
∑
K
k=1
νkYk)(s) =
∫ ∞
z1=−∞
. . .
∫ ∞
zK=−∞
K∏
k=1
(
1− pk + pkexp
(
−s× exp
(√
2
ξ
K∑
j=1
c
′
kjzj +
µk
ξ
)))
1
(pi)(K/2)
exp
(
−zHz
)
dz1dz2 . . . dzK
(10)
Ψ(
∑
K
k=1
νkYk)(s) =
∫ ∞
z2=−∞
. . .
∫ ∞
zK=−∞
1
pi(K−1)/2
exp
(
−
K∑
i=2
|zi|2
)
N∑
n1=1
wn1√
pi
×
K∏
k=1
(
1− pk + pkexp
(
−s× exp
(√
2
ξ
K∑
j=2
c
′
kjzj +
√
2
ξ
c
′
k1an1 +
µk
ξ
)))
dz2dz3 . . . dzK +R
(1)
N (13)
Ψˆ(
∑
K
k=1
νkYk)(s;µ,C) ≈
N∑
n1=1
. . .
N∑
nK=1
wn1wn2 . . . wnK
pi(K/2)
K∏
k=1
(
1− pk + pkexp
(
−s
[
exp
(√
2
ξ
K∑
l=1
c
′
klanl +
µk
ξ
)]))
(14)
ρY0Y =
E{Y0,Y } [Y0Y ]− EY0 [Y0]EY [Y ]
σY0σY
≈
E{Y0,ν1,Y1,ν2,Y2,...,νK ,YK}
[
Y0
(∑K
k=1 νkYk
)]
− EY0 [Y0]
∑K
k=1 E{νk,Yk} [νkYk]
σY0σY
(c)
=
∑K
k=1
(
E{Y0,Yk} [Y0Yk]Eνk [νk]
)− EY0 [Y0]∑Kk=1 (E{Yk} [Yk]Eνk [νk])
σY0σY
=
∑K
k=1 pk
(
E{Y0,Yk} [Y0Yk]− EY0 [Y0]E{Yk} [Yk]
)
σY0σY
=
K∑
k=1
pkρY0,YkσY0σYk
σY0σY
=
K∑
k=1
pkρY0,YkσYk
σY
(16)
ρX0,X = ξ
2
ln

ρY0,Y
√√√√exp
((
σX0
ξ
)2)
− 1
√√√√exp
((
σX
ξ
)2)
− 1 + 1


σX0σX
(17)
It has been assumed that the UE situated at any particular
specified location use suitable modulation and coding scheme
in order to achieve Shannon information limit for its instan-
taneous SIR (Γ). Under such assumption, the SE (Ru) at that
particular user location can be expressed as Ru = ln(1 + Γ)
nats/s/Hz. The distribution of Ru can be obtained from the
distribution of SIR using change of variables
fRu(r) = fΓ(x).
∣∣∣ ∂Γ
∂Ru
∣∣∣
Ru=r
=
exp(r)√
2piσ2ΓdB (exp(r)− 1)
exp
[
− (ln (exp(r)− 1)− µΓdB )
2
2σ2ΓdB
]
,
0 ≤ r ≤ ∞.
Subsequently, the downlink mean (Ru) and “α-percentile”
outage (Ruoutage) downlink spectral efficiency at that particular
user location is given by:
Ru =
∫ ∞
0
rfRu(r)dr,
∫ Ruoutage
0
fRu(r)dr = α. (20)
IV. NUMERICAL RESULTS AND DISCUSSIONS
In this section we show the utility of the approximation
method presented in the work by matching them with simula-
tion results in indoor office environment operating in mmWave
TABLE I: Key system parameters
Parameter Value
Network topology
Indoor office [18, Fig. 1]
Hexagonal cells with ISD
= 500m for UMa [19].
Carrier frequency (fc)
28 GHz (mmWave)
2 GHz (sub 6 GHz)
PLE in mmWave office layout [18]
1.1 (LOS)
2.7 (NLOS)
PLE in sub-6 GHz office layout [19]
1.69 (LOS)
4.33 (NLOS)
σχ in mmWave office layout [18]
1.8 dB (LOS)
9.6 dB (NLOS)
σχ in sub-6 GHz office layout [19]
3 dB (LOS)
4 dB (NLOS)
σχ in sub-6 GHz UMa [19] 6 dB
Shape factor of Gamma distribution
5 in LOS (assumed)
1 (NLOS)
Co-efficient of correlation between 0.5
shadowing from APs [3]
as well as sub-6 GHz frequency band. For office environment,
we follow the same AP and UE numbers as given in [18,
Fig. 1]. Out of 33 UE locations illustrated in [18, Fig. 1],
due to space limitation we show the downlink performance at
two different locations only, marked as UE location 1 and 14.
We also use the approximation framework in a regular 7-cell
hexagonal cellular network representing urban macro (UMa)
5TABLE II: Modifications for L and σχ due to small scale fading.
Environment Link σχ m L (d) − Lˆ (d) σˆχ
(dB) (dB) (dB)
Indoor (28 GHz) [18] LOS 1.8 5 -0.45 2.72
NLOS 9.6 1 -2.51 11.1
Indoor (2 GHz) [19] LOS 3 5 -0.45 3.63
NLOS 4 1 -2.51 6.86
UMa (2 GHz) [19] NLOS 6 1 -2.51 8.19
scenario [19], with serving base station located at the origin
(0,0). In that case, the simulated and approximated downlink
SIR experienced by a UE residing in cell center (location coor-
dinates: (25, 0) (in polar coordinates, distance is in meters)) as
well as in cell edge (location coordinates: (225, 0)) have been
compared. The important system parameters are summarized
in Table I.
For LOS links, no typical value of m has been provided in
measurement campaigns. In this work we consider m = 5 for
LOS links, however, the framework is generic to accommodate
any other value of m as well. The modified values of L (d)
(as in (2)) and σχ to accommodate the small scale fading, are
provided in Table II. The statistical parameters of CCI (µX
and σX ) have been obtained by solving (15) using standard
fsolve function in MATLAB with (s1, s2) = (1.0, 0.2), as
provided in [14]. In order to present a pessimistic estimate
of the performance we assume that for any UE location, the
nearest interferer AP (i.e. the second nearest among all APs) is
having full activity, i.e. probability that it is switched on is 1.
The activity factor (pk) of all other interferers are considered to
vary among 0.2, 0.5 and 1 in order to represent low, moderate
and full level of activity respectively.
In Fig. 1a and 1b, the distributions of Γ (in (4)) at two
different UE locations in indoor office layout have been shown
for mmWave and sub-6 GHz bands respectively for a wide
range of pk. Along with that, the distributions of Γ at cell
center and cell-edge UE locations in hexagonal layout (UMa)
has also been shown in Fig. 1c. The obtained close match
between the simulated and approximated CDF curves shows
the usability of (19). Furthermore, with increase in pk, the
aggregate interference power received at the UE locations
increases, thus resulting in decrease in mean SIR, as shown
in Fig. 1. From the floor layout presented in [18, Fig. 1],
TABLE III: Relative error between approximated and simulated
distributions of SIR in terms of KLD and KSD for different scenarios
in different frequency bands (pk = 0.5)
UE Location
Sub-6 GHz mmWave
KLD KSD KLD KSD
UE 1 11× 10−4 4.8× 10−3 8.58× 10−4 5× 10−3
UE 14 5.71× 10−4 6.7× 10−3 3.86× 10−4 1.3× 10−3
(a) Office scenario
UE Location KLD KSD
Cell centered 13× 10−4 5.7× 10−3
Cell edge 5× 10−4 7.7× 10−3
(b) UMa scenario
it can be seen that in UE location 1, the serving AP is in
LOS condition, whereas in UE location 14, the serving AP
is in NLOS position. In mmWave scenario, the propagation
loss is significantly higher in NLOS condition compared to
LOS condition, thus resulting in significant decrease in mean
received SIR in UE location 14 compared to UE location 1,
TABLE IV: Mean and 10% outage SEs (simulated and calculated,
in bps/Hz) for specific UE locations in indoor office (pk = 0.5).
Freq. band UE Locations
Simulation Analytical
Mean SE
10%
outage SE
Mean SE
10%
outage SE
mmWave
UE 1 5.91 2.28 5.90 2.27
UE 14 2.29 0.146 2.28 0.151
Sub-6 GHz
UE 1 3.65 1.655 3.69 1.631
UE 14 3.36 1.13 3.35 1.142
as inferred from Fig. 1a. On the other hand, in sub-6 GHz, the
propagation loss in NLOS condition is marginally higher than
LOS condition, which results in marginal decrease in mean
received SIR in UE location 14 compared to UE location 1,
as inferred from Fig. 1b.
The fitness of the presented approximation method is high-
lighted in Table III where the relative error between the
simulated and approximated CDF of SIR has been quantified
in terms of two statistical metrics namely Kullback–Leibler
divergence (KLD) and Kolmogorov–Smirnov distance (KSD)
for both indoor office and urban macro scenario (in Table
IIIa and IIIb respectively) for moderate interferer activity
(pk = 0.5). Extremely low values of such metrics (in the order
of 10−4 for KLD and of 10−3 for KSD) shows the validity of
the proposed method across various scenarios in different UE
locations2.
The distributions along with the mean and 10% outage SE
at two different UE locations in indoor office layout have been
shown for pk = 0.5 in Fig. 2 and Table IV respectively. The
simulated and approximated results are found to be reasonably
close, which in turn shows the usability of (20) for indoor
office network layout in sub-6 GHz as well as in mmWave
bands2. One important observations is that, when the UE is
under LOS coverage (UE loc. 1), values of mean and outage
SE are higher at mmWave band than at sub-6 GHz band. But,
where the UE in under NLOS coverage (UE loc. 14), the
mean and outage SE is higher at sub-6 GHz than at mmWave
band. This further establishes the superiority of mmWave
communication in LOS conditions.
Finally, in Fig. 3, the mean and outage SE performances
have been shown in hexagonal UMa scenario by varying the
distance of UE from the serving BS (situated at origin) from
25 m to 225 m across the horizontal axis in order to capture
the performance throughout the cell i.e. from cell center to
cell edge. A quite close match between the simulated and
approximated results indicates the usefulness of the presented
framework. With increase in UE-BS separation, the UE moves
from cell center to cell edge, thus resulting in a decrease in
mean and 10% outage SE. With increase in the interferer’s
activity level from low (pk = 0.2) to moderate (pk = 0.5)
and then to full (pk = 1), the aggregate interference power
increases, resulting in decrease in mean and 10% outage SE.
V. CONCLUSIONS
In this work we have derived the SIR distribution and hence
SE results considering the holistic effect of LOS/NLOS SSF,
LN distributed correlated desired and interferer shadowing
along with interferer activity. The analytical expressions yield
2The results are similar for low and full level of interferer activity as well
and thus omitted for brevity.
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Fig. 1: CDF of SIRs (Γ, as in (4)) for specific UE locations in indoor office and hexagonal network under mmWave and sub-6 GHz. Lines
(both solid and dashed) represent the simulation results and markers represent the approximation results.
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mmWave and sub-6 GHz (pk = 0.5).
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Fig. 3: Variation of mean and outage SE with respect to BS-UE
distance in UMa
values of SIR and SE which very closely match with sim-
ulation results in both sub-6 as well as mmWave bands in
indoor and outdoor scenarios for low, moderate as well as
full activity level of neighboring interferers. The presented
work covers the existing gap in literature which do not
consider above-mentioned practical effects which are usually
suggested in standard evaluation methods. Thus, this work can
be applicable in analytical performance evaluation of future
wireless communication systems in realistic scenario.
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